REMARKS 



Favorable reconsideration is respectfully requested in view of the foregoing amendments 
and following remarks. 

The claims have been amended as follows: 

1) "A case" in the claims as pointed out by the Examiner has been amended to "a 
subject". 

2) "Administering" in claims 13-16 has been amended to "topically administering". See 
page 13, lines 11-12 of the specification. 

3) "Somatostatin receptor agonist" in claims 13-16 has been limited to "somatostatin 
receptor SSTR2 or SSTR4 agonist". See page 13, lines 4-5 of the specification. 

4) "Corneal sensitivity" in claim 14 has been amended to "decreased corneal sensitivity 
associated with corneal nerve damage". See page 29, lines 10-11. 

5) "Dry eye" in claim 1 5 has been amended to "dry eye associated with decrease of 
corneal sensitivity". See page 29, lines 12-13. 

A new title has been added which is more descriptive of the claimed invention. 
Accordingly, the objection to the title is deemed to be overcome. 

A revised Sequence Listing has been added to recite the amino acid sequence of Formula 
I on page 3 as SEQ ID NO: 3. Formula XI on page 7 of the specification is not subject to the 
Sequence Listing requirement since it contains a D-amino acid. Please see 37 CFR 1.821(a)(2). 
No new matter has been added. The sequences set forth in the Sequence Listing are identical to 
the sequences set forth in the computer readable copy of the Sequence Listing enclosed herewith. 

Accordingly, the objection to the specification for lacking an acceptable Sequence Listing 
is deemed to be overcome. 

Claims 13-16 are objected to on the basis of informalities. These informalities have been 
overcome by the foregoing amendments. 

Accordingly, the objection to the claims is deemed to be overcome. 

Claims 13-16 are rejected under 35 USC 1 12, first paragraph, as lacking enablement. 

This ground of rejection is respectfully traversed as applied to the amended claims. 

The present invention has been made based on the first finding that somatostatin 
receptors SSTR2 and SSTR4 are present in the trigeminal nerve, where further studies have 
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established that, as shown in Experimental Examples, the above-mentioned somatostatin receptor 
agonists have a nerve axon extension action in rabbit trigeminal nerve cells as well as a corneal 
sensitivity function. 

As described in the specification at page 1, lines 17-20, it is reported that lacrimal 
hypofunction gives rise to corneal hyposensitivity in patients with dry eye, which, upon 
combination with further lacrimal hypofunction, problematically aggravates the condition of the 
corneal surface. The present specification teaches that corneal epithelium defect and dry eye can 
be treated by improving the corneal sensitivity function. 

For example, Reference 1 enclosed herewith (CLAO Journal, July 2000, Vol. 26, pp. 
159-165) describes that the lacrimal gland and cornea become a tightly integrated unit in the 
creation of diseases, lacrimal gland disease alters the ocular surface and ocular surface disease 
alters the lacrimal gland, "corneal lacrimal gland feedback model" (p. 159, abstract, p. 161, right 
column, lines 39-45, p. 162, left column, Figure 1). Furthermore, Figure 1 shows that decreased 
corneal sensitivity reduces tear flow and induces corneal damage, which in turn causes lacrimal 
gland damage, and that they form a vicious circle. 

Reference 2 enclosed herewith (Current Opinion Ophthalmol., 2000, Vol. 12, pp. 318- 
322) describes that the main cause of superficial punctate keratopathy, etc. is decreased corneal 
sensation, which decreases feedback to the lacrimal gland and reduces tear production (p. 318, 
abstract, p. 321, right column, lines 18-21). In addition, Reference 3 submitted with the IDS on 
April 29, 2005 as Reference BL (Cornea. 1996, Vol. 15, pp. 235-239) describes that the 
decreased tear secretion in dry eye may have an impact on the pathologic changes of the corneal 
epithelium and may lead to a decline in corneal sensitivity (p. 238, right column, lines 44-47). 

Moreover, Reference 4 enclosed herewith (Cornea. July 1996, Vol. 15, No. 4, pp. 368- 
372) reports that aldose reductase inhibitors can improve corneal epithelial changes caused by 
diabetes, probably through recovery of corneal sensation and tear production to improve corneal 
epithelial disorders (specifically, p. 368, abstract, right column, lines 18-20). 

From the foregoing, the somatostatin receptor SSTR2 and SSTR4 agonists clarified by 
the present invention to recover corneal sensation are considered to improve tear dynamics and 
corneal epithelial disorders. Those skilled in the art will readily understand, given the in vivo 
effect in Experimental Example 3, that a somatostatin receptor agonist shown to provide in vivo 
recovery of corneal sensitivity can be used for the recovery of a corneal epithelial disorder. 
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Accordingly, it is respectfully submitted that the amended claims are enabled by the 
specification. 

Accordingly, this ground of rejection is deemed to be overcome. 

Claims 13-16 are further rejected under 35 USC 1 12, first paragraph, as failing to comply 
with the written description requirement for the reasons set forth. This ground of rejection is 
respectfully traversed as applied to the amended claims. 

The Examiner holds that the specification should provide characteristics sufficient to 
specify and distinguish the genus. 

To comply with the holding of the Examiner, the somatostatin receptor agonist has been 
limited to somatostatin receptor SSTR2 or SSTR4 agonist, and the target diseases of the present 
invention to those recited above. Hence, it is respectfully submitted that the rejection is 
overcome. Furthermore, new claims 18-22 are added wherein the preferable compounds of the 
above-mentioned agonists are limited to the four kinds of compounds described in the Examples. 

The present specification sufficiently discloses the somatostatin receptor agonists usable 
for the claimed method (p. 11, line 17 to p. 12, line 24). In addition, the somatostatin receptor 
agonists usable for the claimed method can also be confirmed using a screening method known 
to those having ordinary skill in the art. 

For example, WO 98/44922 disclosing compound 1 of the present application discloses a 
screening method of somatostatin receptor agonist (WO 98/44922, p. 90, lines 1 1-32), and the 
present specification states that the claimed method can employ the somatostatin receptor agonist 
described in WO 98/44922. Also, WO 97/43278 disclosing compound 2 of the present invention 
also discloses a screening method of somatostatin receptor agonist (WO 97/43278, p. 32, lines 7- 
17), and the present specification states that the claimed method can employ the somatostatin 
receptor agonist described in WO 97/43278. By interpreting the claim while referring to the 
present specification, those having ordinary skill in the art can understand that the somatostatin 
receptor agonist usable for the method of the present invention does not include merely any 
compound, but can identify the agonist with ease. 

The Examiner has also admitted, as described in Experimental Example 1 , the present 
invention has been made based on the first finding that somatostatin receptors SSTR2 and 
SSTR4 are present in the trigeminal nerve, as described above. 
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Somatostatin and the somatostatin receptor agonists used in Experimental Examples 2-5 
of the present invention are shown in the following drawing (FIGURE). It is known that 
somatostatin and Octreotide are nonselective somatostatin receptor agonists, Compound 1 is a 
selective somatostatin receptor SSTR2 agonist, and Compound 2 is a selective somatostatin 
receptor SSTR4 agonist. Combined with the results obtained in the presence of somatostatin 
receptors SSTR2 and SSTR4, the presence of the same nerve axon extension promoting action 
by the compounds having completely different chemical structures means that the effect is 
irrelevant to the action of individual compounds but afforded by a mechanism via a somatostatin 
receptor. Accordingly, the present invention teaches that somatostatin receptor SSTR2 or 
SSTR4 agonist is usable for the claimed method. 

Given the in vivo effect of Experimental Example 3, those skilled in the art will readily 
understand that a somatostatin receptor agonist shown to have an in vitro corneal nerve axon 
extension promoting action can be used for the corneal nerve axon extension promoting action in 
vivo and recovery of corneal sensitivity. The diseases recited in claims 14-16 are dry eye and 
corneal epithelial defect caused by a decline in the corneal sensitivity. Therefore, the 
relationship between the diseases of claims 14-16 and somatostatin receptor agonist is clear. 



FIGURE 
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Accordingly, this ground of rejection is deemed to be overcome. 

Claims 13-16 are rejected under 35 USC 102 as anticipated by Nordisk, WO 98/58646. 
This ground of rejection is respectfully traversed as applied to the amended claims. 

WO 98/58646 describes that certain somatostatin receptor agonists can be used for the 
treatment of glaucoma, stroma keratitis, iritis, retinitis, cataract and conjunctivitis. However, no 
pharmacological data supportive of the use of the agonists for the recited diseases or a 
description comparative thereto is available. In addition, WO 98/58646 does not disclose or 
suggest (i) a method of promoting extension of corneal nerve axon, (ii) a method of recovering 
decreased corneal sensitivity associated with corneal nerve damage, (iii) a method of treating dry 
eye associated with decrease of corneal sensitivity and (iv) a method of treating corneal 
epithelium defect associated with decrease of corneal sensitivity of claims 13-16 of the present 
invention. 

Although WO 98/58646 describes stroma keratitis as a disease of cornea, stroma and 
epithelium are different tissues in the cornea. Furthermore, since stroma keratitis, iritis, retinitis 
and conjunctivitis are inflammatory diseases, the invention of WO 98/58646 is interpreted as 
aiming at the treatment of inflammatory diseases. In addition, although the Examiner holds, 
through the reports of Suzuki et al. and Fini et al. that WO 98/58646 discloses inherently 
possible treatments of corneal epithelium defect of claim 16, the present invention aims at 
treating the claimed diseases by promoting extension of corneal nerve axon in the cornea with 
damaged corneal nerve. The present invention does not aim at treating inflammations or corneal 
epithelium defect associated with inflammations. 

WO 98/58646 describes, "the route of administration may be any route which effectively 
transports the active compound to the appropriate or desired site of action, such as oral, nasal, 
pulmonary, transdermal or parenteral, the oral route being preferred." (p. 33, lines 18-20). 
However, in the treatment method of the present invention, the administration route is "topically 
to the eye". 

To conclude, the claimed invention has novelty, since it is different from WO 98/58646 
in the target disease and the administration route. 

Accordingly, this ground of rejection is deemed to be overcome. 
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In view of the foregoing, it is respectfully submitted that each ground of rejection set 
forth in the Official Action has been overcome, and that the application is now in condition for 
allowance. Accordingly, such allowance is solicited. 



Respectfully submitted, 
Yoshiko TAKAYAMA et al. 

By: t^^J^eJt 

Warren M. Cheek 
Registration No. 33,367 
Attorney for Applicants 

WMC/dlk 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
April 14, 2008 
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CONRAD BERENS LECTURE 

Why the Eye Becomes Diy: A Cornea and 
Lacrimal Gland Feedback Model 

William D. Mathers, MD 



Purpose: Many explanations have been offered for why a large segment 
of the population develops dry eye. The purpose of this paper is to 
describe a new unifying theory of dry eye that incorporates all of these 
causes. 

Methods: Data from the Department of Ophthalmology, University of Iowa 
Hospitals and Clinics was analyzed from 520 patients with dry eye, 
blepharitis and other conditions to assess the relationship between 
dry eye and blepharitis. This data was reviewed In terms of the 
relationship between dry eye, menopause, and aging. Also examined 
in detail were many of the proposed causes for dry eye In the literature. 

Results: A close relationship between corneal damage and lacrimal gland 
function is hypothesized. Not only does decreased lacrimal gland 
output damage the ocular surface, but also damage to the corneal 
surface creates a negative feedback loop and damage to the lacrimal 
gland. There are probably several mechanisms by which this feedback 
occurs. One mechanism results from interruption or damage to the 
sensory corneal nerves. Damage to the nerves within the lacrimal 
gland may be another mechanism. Alteration of growth factor levels In 
the lacrimal gland, which occurs following corneal damage, repre- 
sents another possible mechanism. Contact lenses and corneal refrac- 
tive surgery are additional elements that may create negative feedback 
to the lacrimal gland. 

Conclusion: The ocular surface and the lacrimal gland functions as a / 
tightly integrated unit Dry eye conditions damage the ocular surface 
and this in turn leads to further damage to the lacrimal gland. 



Introduction 

It is universally understood that dry eye is a very fre- 
quently encountered problem in ophthalmology. Data from the 
last few years has made our determination of prevalence of this 
disease more precise but this determination is hampered by the 
non-specificity of both the symptoms and the difficulty in 
applying measurable physiologic tests to determine the diagno- 
sis. Many of these studies are based on patients* subjective 
reports of symptoms. 1-3 Unfortunately, these symptoms are not 
specific for dry eye and can easily be confused with blepharitis 
and seasonal allergies among other entities. Moreover, there is 
no single measure to determine the presence of dry eye. 43 Tear., 
osmolality appears to be reasonably specific but the range of tear 

Editor's HoXmi This article has been selected for The CLAO 
Journal's on-fine dialogue. Visit our Web site at httpj/www.ciao.org t 
click on lha CLAO Journal select Current Issua. and follow the link 
to On-tina Dlalogtm 



osmolality in the normal population is quite wide and the test is 
not widely used. It is, therefore, usually necessary to use a series 
of tests to evaluate patients for dry eye. These tests often include 
tear volume and tear flow, vital dye staining of the cornea and 
conjunctiva, Schirmer's test with or without anesthesia, and 
impression cytology. 

Most studies have estimated that the prevalence of dry eye 
is 10-20% of the adult population. 1 - 6 "' Conventional wisdom has 
long suggested that women represent the bulk of patients suffer- 
ing from dry eye and this is particularly true for in women in 
menopause. Our own published studies have shown that 20% of 
women in menopause complain of dry eye symptoms. 9 More 
recent studies of the prevalence of symptoms in the adult 
population indicate the difference in prevalence of dry eye 
symptoms between men and women is not as great as ex- 
pected. 3 - 10 It is also commonly believed that the older population 
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TABLE 1 Dry eye and blepharitis correlations (N 


= 520 patients) 


P-value 


Dry eye (Schirmef s) vs gland dropout (neg) 


.02 


Dry eye (Schirmer's) vs lipid viscosity (neg) 


.01 


Tear volume vs lipid viscosity (neg) 


.0001 


Tear volume vs lipid volume (pos) 


.0001 


Tear flow vs lipid viscosity (neg) 


.0001 


Tear flow vs lipid volume (pos) 


.0001 



56% of patients with blepharitis had dry eye. 

46% of patients wfth obstructive meibomian gland dysfunction had dry eye. 

79% of patients with seborrheic meibomian gland dysfunction had dry 
eye. 



has more dry eye symptoms than the younger population. There 
is little data to confirm this fact, however. Schein found that 14% 
of the elderly suffer from dry eye symptoms. This is not much 
different from the general adult population. 10 This finding is 
somewhat unexpected and counterintuitive since tear function 
declines with age."- 12 Some other factors in addition to simple 
tear production capacity must be affecting the creation of dry 
eye. Contact lens patients also appear to suffer frequently from 
dry eye symptoms. 13 Of the 25 million contact lens wearers in the 
US, approximately 5% stop wearing their lenses during any 
given year. Most discontinue lens wearing because of difficul- 
ties associated with dry eye. Blepharitis patients also complain 
of dry eye symptoms. It was reported in 1987 that a close 
relationship exists between dry eye and all forms of blepharitis. 14 

Methods and results 

Our data (from the Department of Ophthalmology, Uni- 
versity of Iowa Hospitals and Clinics) analyzing a very large 
database from the normal population and subjects with ocular 
surface disease indicated a strong correlation between dry 
eye and many physiologic parameters associated with ble- 
pharitis, including lipid viscosity, lipid volume, and gland 



TABLE II Tear evaporation in normal and dry eye patients 

Evaporation in normals* 

Tear flow normal 0.2-0.4 uL/min 

Evaporation 1 1-15x10* 7 gms/cm»/sec = 0.1-0.15 uL/min 

Total Row 0.3 +0.15 = 0.45 uLAmin 

Evaporation In dry eye patients* 
Tear flow dry eye 0.1-0.15 uiymin 

Evaporation 30-40x1 0- 7 gms/cm 2 /sec = 0.3-0.4 uL/min 

Total dry eye flow 0.45 uL/min 

*33% of the total tear flow in the normal evaporates. 
'75% of the total tear Oow In the dry eye evaporates. 



dropout (Table I). We have also found that a high percentage 
of both obstructive and seborrheic meibomian gland dys- 
function patients have dry eye. 

The causeof dry eyehoweverhas remained elusive. There 
has been much research to formulate theories explaining why 
some of the population suffer from dry eye and the rest do not. 
Possible explanations that have been offered over the years 
include immune disease, ocular surface evaporation problems, 
loss of hormone support for the lacrimal gland or ocular surface, 
age effects, overstimulation damage to the lacrimal gland, viral 
disease affecting lacrimal gland function, and blepharitis. Each 
explanation has received considerable study, and there is data to 
support all of them. 

Immune disease is undoubtedly a significant cause of dry 
eye." Sjogren's syndrome appears to cause approximately 10% 
of the cases of dry eye. In our data from over 400 subjects with 
dry eye from all causes, we found 10% had Sjogren' s Syndrome. 
This is similar to other published results. 8 The disease occurs 
almost exclusively in women and usually presents as a relatively 
severe decrease in tear flow combined with ocular surface 
inflammation. 15 Although autoimmune disease is relatively 
common in the population, Sjogren's syndrome and its variants 
cannot account for the majority of dry eye. Denervation may 
play a role in the loss of tear function in Sjogren's syndrome, as 
changes in lacrimal gland enervation appear to precede lacrimal 
gland destruction. 16 

Evaporation also plays a role as a causative agent in dry 
eye, although the average evaporation rate from the ocular 
surface is only a small amount of water. 17 Approximately one 
third of the resting tear flow evaporates in the normal eye. This 
increases to 75% of the total tear flow in the dry eye. Evaporation 
still represents a relatively small percentage of the potential 
maximum tear flow (Table II). We found me total steady state 
flow in the dry eye and the normal was approximately equal. 
Therefore, increased evaporation cannot be the sole cause of dry 
eye, although it undoubtedly contributes to the disease process. 

Altered hormonal support of the lacrimal gland also 
causes dry eye. 18 Considerable animal and human data has been 
collected over the years to support the concept that andro- 
gens are important in driving lacrimal function. Androgen 
receptors have been found in the lacrimal gland while estrogen 
receptors have not. 19 However, serum testosterone levels do not 
correlate well with tear function. 9 It is most likely that serum 
testosterone levels do not reflect the more relevant androgenic 
environment in the lacrimal gland. 

Data suggest that androgens are generated within the 
lacrimal gland and would not be reflected in the serum levels. 
Part of the key androgen action in the lacrimal gland may be 
related to its immune modulation. Androgens generally sup- 
press immune response and this could easily effect the immune 
status of the lacrimal gland. 2 *- 22 Prolactins also appear to play a 
role in lacrimal gland function. Our research has shown a 
negative correlation between serum prolactin levels and lacri- 
mal function in humans. 9 There is evidence that the lacrimal 
gland produces its own prolactin. 23 Prolactins are immune- 
modulating and their action may counteract androgen functions. 
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Prolactin can have a direct effect on the functional status of the 
lacrimal gland. 24 Estrogen does not appear to play a role in 
lacrimal gland function despite the strong evidence that meno- 
pause has long been associated with the development of dry eye. 
Nor does estrogen therapy appear to alter the development of dry 
eye in women. (Mathers, unpublished) 

Mircheff and coworkers have proposed an interesting 
hypothesis regarding overstimulation of the lacrimal gland. 23 
Any stress that induces increased tear production would neces- 
sitate an increase in stimulus to the lacrimal gland. Such in- 
creased stimulus, they hypothesize, creates abnormalities in the 
cellular trafficking of lacrimal acini organelles. This alters the 
antigenicity of the acinar cells and leads to immune disease. 
While there is no direct evidence that this is a factor in the 
development of dry eye, their experimental data is very promis- 
ing. 

Virtually all tissues of the body demonstrate some effects 
of aging and the lacrimal gland is no exception, Although there 
is little data indicating what cellular changes occur with aging, 
tear function declines slowly with age. There is some epidemio- 
logical evidence to support this concept 26 " 29 While Schein has 
shown that only 15% of the elderly population suffer from dry 
eye, which is not a higher incidence than that found in younger 
subjects, Craig demonstrated a decline in tear function in women 
with age. 30 Our own research has identified a marked decline 
with age in women for virtually all of our tear perimeters, 
including tear volume, tear flow, evaporation, and reserve 
capacity (Schirmer's test without anesthetic). 11 Nevertheless, 
the majority of older people do not have dry eye symptoms. The 
cause of this age effect remains undetermined but declining 
hormonal support and damage to the lacrimal gland from 
inflammation are likely causes. The rat model has shown a 
decrease in size in a number of secretory vesicles and an increase 
of inflammatory cells with age. 31 There is also an increased 
expression of MHC Class II molecules in human lacrimal cells 
with aging. 32 

Another intriguing hypothesis for the cause of dry eye is 
viral disease. Viruses such as Epstein Barr can infect the lacrimal 
gland and diminish its capacity or alter its antigenicity leading to 
chronic disease and decreased function output Epstein Barr 
virus has been detected in the tears of dry eye patients by 
Tsubota. 33 It is likely that this type of viral process is the cause 
of dry eye in at least some young people. It is unlikely, however, 
that this represents a major or even a highly significant cause of 
dry eye. 

The close association between blepharitis and dry eye has 
been recognized for a long time. Both cause similar symptoms 
and it has often been reported that patients with one disease 
frequently suffer from the other. 104 Blepharitis often causes 
increased evaporation that could directly lead to dry eye in those 
patients with already diminished capacity. 35 Evaporation would 
also stress the system and could activate other mechanisms 
noted above. Seborrheic meibomian gland dysfunction, how- 
ever, is usually associated with decreased evaporation. These 
patients, nevertheless, very frequently have dry eye. Since few 
careful epidemiological studies have been performed, it is 



possible that blepharitis patients with dry eye simply need 
medical attention more frequently than those without dry eye, 
altering our appreciation of the incidence of dry eye within the 
blepharitis group. It is also likely that dry eye partially creates or 
exacerbates blepharitis by decreasing the flushing action of tears 
on the lid margin and decreasing the washout of inflammatory 
mediators from the tear film, leaving them to act on the lid 
margin. An analysis of our database (approximately 520 pa- 
tients) with a mixture of dry eye, blepharitis, and normal subjects 
indicated a very strong correlation between dry eye tear function 
and all blepharitis parameters. We found the incidence of dry eye 
was three times more common in the blepharitis population than 
the 15-20% incidence found in the normal population. This 
strong correlation between blepharitis and dry eye indicates a 
relationship between these two entities which remains poorly 
understood (Table I). 

Lacrimal secretions contain a complex mix of many 
factors. An important element in tears are various growth factors 
necessary for corneal and conjunctiva epithelial health. 36 " 38 A 
decline in these growth factors would logically lead to dysfunc- 
tion of the epithelial surface and create or worsen dry eye 
symptoms. Pflugfelder and his associate Stern have proposed 
this process as a logical and probably significant mechanism, 36 
Lactoferin and other mediators are important in the protection of 
the ocular surface from bacteria and this may be important in the 
genesis of blepharitis and other surface inflammatory syn- 
dromes as well. Artificial tears do not replace these factors. This 
is undoubtedly a major reason for the relative ineffectiveness of 
artificial tears in restoring the ocular surface to its normal 
condition. 

Discussion 

It is very likely that all of these explanations are, at least 
in part, correct, and most of them are not mutually exclusive. 
None of them, however, generates a broad enough view of the 
dry eye to unify all of these observations. What is needed is a new 
model that incorporates these multiple disease processes and 
factors. This new model should explain all of the relevant data 
and should suggest lines of investigation and experiments with 
predicted results which researchers can pursue. We are propos- 
ing a corneal lacrimal gland feedback model as such an explana- 
tion. The essence of this model is the relationship between the 
lacrimal gland and the cornea. The lacrimal gland and cornea 
become a tightly integrated unit in the creation of disease. 
Lacrimal gland disease alters the ocular surface and ocular 
surface disease alters the lacrimal gland (Figure 1). 

Normal homeostasis depends upon regulated corneal tear 
flow as suggested by Daxtt 39 The most likely primary drive for 
this regulation is tear osmolality (Figure 2). Increased tear 
osmolality causes increased stimulation from the ocular surface 
and activation of the neural drive that increases tear flow 
resulting in decreased tear osmolality. There is strong evidence 
to suggest that stimulation drives essentially all tear flow. 40 Sleep 
causes profound decreased in tear flow and general anesthesia 
also produces a similar decrease. 41 - 42 Topical anesthesia has also 
been reported to cause very low tear flow. 40 The concept of a 
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Path ophysiology of Dry Eye 
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Figure 1 Pathophysiology of dry eye 



basal secretion versus a reflex secretion, although deeply imbed- 
ded in the literature, has little experimental support. Available 
data indicates essentially all tear flow is stimulated tear flow and 
there is no difference between reflex (stimulated) tear flow and 
basal tear secretions. 40 In our investigations of tear flow we have 
endeavored to measure tear flow by dilution of fluorescein under 
circumstances that would produce an absolute minimum of 
ocular stimulation either by bright light, conjunctival or corneal 
contact, or psychological stimulation from anxiety. We believe 
this is the main factor that has caused our investigations to find 
much lower tear flows than other laboratories. 1 W7 - 34 

Figure 3 diagrams multiple factors that can cause de- 
creased tear flow. Any lacrimal gland damage, whether from 
immune causes, overstimulation, decreased hormonal support, 
or viral disease would ultimately result in decreased in tear flow 
with significant consequences. The model predicts that de- 
creased flow would lead to decreased washout and removal of 
surface debris and bacteria. It would also lead to increased 
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Figure 2 Pathophysiology of dry eye: tear osmolality 
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Figure 3 Pathophysiology of dry eye: multiple factors that can cause 
decreased tear flow 



residence time for cytokines generated by ocular surface inflam- 
mation. Decreased tear flow would also result in decreased 
growth factors in the tear film available to maintain ocular 
surface integrity. 

If normal stimulation from the ocular surface were com- 
promised, dry eye should result. There are many possible 
mechanisms that could cause corneal nerve damage and inter- 
rupt normal stimulation. Increased cytokine levels in the tear 
film may cause corneal nerve damage decreasing corneal sensa- 
tion and lowering tear production. Cytokines appear to inhibit 
parasympathetic neural transmission in peripheral nerves. 43 
Decreased corneal sensitivity has been noted in Sjogren's syn- 
drome, with increased cytokines in the tear film. 44 Rosacea 
blepharitis patients also have increased cytokine levels in the tear 
film. 45 Dry eye patients have decreased corneal sensation. 46 
Barton found an inverse correlation between EL- la and tear 
production. 43 Other diseases are associated with damaged cor- 
neal sensation, such as herpes simplex, herpes zoster, and 
diabetes. 47 - 48 Wearing of contact lens has long been associated 
with decreased corneal sensation. 13 - 49 ' 50 LASIK procedures and 
other procedures in refractive surgery are known to damage 
corneal enervation as well. 51 " 53 

We hypothesize that corneal damage causes significant 
changes that result in damage to the lacrimal gland (Figure 4). 
The potential sources of damage to the cornea is large. Contact 
lenses and punctal occlusion could cause damage from in- 
creased residence times of inflammatory cytokines. Many cor- 
neal diseases damage the cornea. The evidence for a feedback 
loop following corneal damage is widespread but incomplete. 
The higher than expected incidence of dry eye in blepharitis, 
particularly seborrheic meibomian gland dysfunction, strongly 
suggest that such a mechanism must exist Evidence from 
molecular and cell biology studies are beginning to illuminate 
some details of this process. There are many potential mecha- 
nisms by which this could occur. The most direct evidence we 
have for this feedback process is from epithelial wounding 



the CLAO journal • July 2000 • Volume 26. Number 3 
162 




Figure 4 Pathophysiology of dry eye: corneal damage causes significant 
changes that result in damage to the lacrimal gland 



studies. Wilson found that messenger RN A levels in the lacrimal 
gland for hepatocyte growth factor and epidermal growth factor 
(EGF) were increased following corneal epithelial scrape inju- 
ries. 54 EGF expression in the lacrimal gland increases in re- 
sponse to wounding. 53 Cholinergic stimulation of the lacrimal 
gland increases EGF secretion. 53,36 Corneal wounding increases 
TNF-a in the lacrimal gland. 57 Corneal injury also stimulates 
production of fibroblast growth factor (FGF-2) in the lacrimal 
gland. FGF-2 is known to stimulate prolactin production 58 and 
prolactin is known to be immuno-modulating. 59 - 60 Prolactin can 
have a direct effect on the functional status of the lacrimal 
gland. 24 Any change in the lacrimal gland that results from 
corneal damage is evidence that such a feedback mechanism 
from cornea to lacrimal gland is possible. Wilson has proposed 
a regulatory arc from cornea to lacrimal gland through parasym- 
pathetic innervation. 54 

Other parts of this cornea-to-lacrimal gland feedback 
mechanism have been previously suggested Stern hypothesized 
that changes in lacrimal gland nerves may initiate lacrimal gland 
damage. 37 - 33 Meneray, in rabbit studies, found a massive accu- 
mulation of secretory granules in the acini following denerva- 
tion. 61 Stern suggested altered lacrimal innervation may release 
substance P, stimulating lymphocytes in the lacrimal gland 37 
Decreased corneal sensation to the lacrimal gland may cause 
atrophy of the lacrimal gland. 38 Nguyen has found that sensory 
denervation in the lacrimal gland leads to deregulation of protein 
synthesis. 62 Protein synthesis was actually increased immedi- 
ately following denervation in this experiment, demonstrating 
that the relationship between innervation and secretion is prob- 
ably complex. If decreased stimulation can lead to lacrimal 
damage, some patients may suffer from the opposite process, 
overstimulation. As noted above, overstimulation has been 
suggested as a mechanism that could create abnormal organelle 
trafficking and damage the lacrimal gland. 23 Additional factors 
other than this corneal feedback loop may also contribute to 
lacrimal gland damage. As noted above, decreased androgen 



support may directly damage the lacrimal gland, lead to atrophy, 
or alter its immune status. Primary or secondary systematic 
immune diseases also damage lacrimal gland function. 18 In 
addition to all of this, decreased corneal sensation appears to be 
the result of the aging process. 63 

There are a number of critical implications we can derive 
from this feedback model. Contact lenses present a major 
perturbation to the ocular surface. Contact lenses most likely 
decrease washout of the ocular surface by retarding tear flow 
under the lens. They are also known to decrease corneal sensa- 
tion, as noted above. 13,4 * 50 This decreased corneal stimulation 
would lead directly to decreased tear flow creating a negative 
feedback. Surface trauma, hypoxia, and inflammation from 
contact lens wearing could cause corneal damage directly and 
lead to secondary lacrimal gland damage. Increased cytokines 
have been found in the tear film of contact lens patients 
(Figure 4). 64 - 65 

An appreciation of these complex physiological pro- 
cesses is essential in devising appropriate remedies. Maximiz- 
ing contact lens function is absolutely critical. The relationship 
between corneal nerves, tear flow during contact lens wear, and 
tear cytokines levels needs further study. We believe that the 
relationship between the contact lens wear, corneal disease, and 
the eventual development of lacrimal gland disease is the 
primary explanation why so many people stop wearing contact 
lenses. Inflamed eyes eventually become dry and this causes 
further deterioration of tear function. If these physiologic pro- 
cesses were better understood they could be corrected. 

Refractive surgical procedures are not a panacea for this 
process. LASIK procedures may also lead to lacrimal gland 
damage through the same mechanisms of corneal damage and 
sensory denervation. Many studies have demonstrated that 
surgical denervation of the comea in LASIK patients remains for 
many months, if not longer. 51,52 Symptoms of dry eye are 
common after LASIK and are frequently worse than their pre- 
operative condition. 66 Some LASIK patients may require special 
care to avoid severe dry eye problems. 

The role of blepharitis remains central to the creation of 
dry eye; the two problems are very closely related. This relation- 
ship has both positive and negative implications. Interrupting the 
negative feedback loop by successfully treating the blepharitis is 
likely to improve lacrimal function. Failure to improve lacrimal 
function will most likely result in worsening of the blepharitis. 

Punctal occlusion has been a popular therapy for dry eye 
for many years. Nevertheless, it may alter corneal feedback in 
unexpected ways. Punctal occlusion causes a decrease in out- 
flow, stasis of the tear film, and decreased washout We expect 
that cytokine levels might rise following punctal occlusion in 
some individuals whereas others who appear to benefit clinically 
may simply have improved tear volumes. Our studies found that 
while tear flow is not altered following punctal occlusion, tear 
volume increases. We found no change in osmolarity 67 For 
those patients likely to develop increased cytokines, too much 
punctal occlusion may not be of benefit and may actually 
increase corneal damage and worsen the dry eye. If the increased 
tear volume helped restore the epithelial cells to heal th, however. 
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punctal occlusion might reverse the negative feedback to the 
lacrimal gland and improve tear production (Figure 4). 

Evaporation continues to represent acentral process in the 
development of blepharitis and dry eye. Controlling evaporation 
would be very helpful to maintain normal tear osmolarity and 
minimizing perturbations of the tear film. With normalized 
osmolarity, healthy epithelial cells are less likely to release 
inflammatory cytokines. While no method has yet been demon- 
strated that successfully improves evaporation, research in this 
field continues. 

We have recently studied a new preparation of oral 
pilocarpine, Salagen, which has been formulated for slow re- 
lease following oral ingestion. Although originally created to 
improve saliva production in Sjogren's syndrome patients, our 
studies indicate it is probably even more effective in stimulating 
tear flow. All the dry eye patients we have studied showed an 
increased tear volume and tear flow following a month of 
Salagen therapy. 6 * Improved tear flow and restoration of the 
washout mechanism should interrupt the damaging feedback 
process we described above. It may even increase the level of 
growth hormones in the tear film and thus improve ocular 
surface health. Naturally produced lacrimal flow is vastly pref- 
erable to artificial tears for many reasons. If further work 
demonstrates that Salagen remains effective in these patients, 
this represents the first documented evidence of an effective tear 
stimulant This could provide a beneficial therapy for millions of 
dry eye patients. 

Conclusions 

We have presented a global theory to explain the disease 
process that results in dry eye. The theory hypothesizes that the 
lacrimal gland and the ocular surface are a functional unit and 
that damage to the ocular surface results in lacrimal gland 
disease. Dry eye is, in part, the end result of a destructive 
feedback process whereby the corneal damage from compro- 
mised tear production leads to further lacrimal gland damage. 
More research is needed to explore the ramifications of this 
theory. Effective research will require both clinical information 
and cell biology investigations that compliment each other. 
These interactions may be very complex but we believe they are 
capable of being understood with carefully directed research. 
Eventually we should be able to create therapies for individual 
patients, depending on their particular needs, which effectively 
counteract deleterious feedback mechanisms and restore the 
ocular surface to a state of health. 
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Dry eye after refractive surgery 

Robert T. Ang, MD * Darlene A. Dartt, PhD, + and Kazuo Tsubota, MD * 



Photorefractive keratectomy and laser in situ keratomileusis 
can induce or exacerbate dry eye after surgery. This manifests 
as an increase in degree and frequency of symptoms, corneal 
findings, such as superficial punctate keratopathy, and 
abnormal results of dry eye tests, such as the Schirmer test 
and tear break-up time. The cause mainly involves decreased 
corneal sensation, resulting in decreased feedback to the 
lacrimal gland and reduced tear production. Other causes may 
include increased evaporation, inflammation, or toxicity of 
medications. Dry eye may result infrequently in impaired wound 
healing and decreased optical quality of the cornea, but it is 
transient, lasting from a few weeks up to 1 year. Patients 
should be warned about this distressing complication. During 
a period of dry eye, artificial tears and punctal plugs are helpful 
in preventing or alleviating patient discomfort Curr Opin Ophthalmol 
2001, 12:318-322 © 2001 Lippincott Williams & Wilkins, \na 



'Cornea and Refractive Surgery Services, Massachusetts Eye and Ear Infirmary 
Harvard Medical School, Boston, Massachusetts, USA; 'Schepens Eye Research 
Institute, Harvard Medical School, Boston, Massachusetts, USA; and *Tokyo 
Dental College, Ichikawa General Hospital, Tokyo, Japan. 

Correspondence to Darlene A Dartt, PhD, Schepens Eye Research Institute, 20 
Staniford St, Boston, MA 02 11 4, USA; e-mail: dartt@vision.erLharvard.edu 

Current Opinion In Ophthalmology 2001, 1 2:318-322 

Abbreviations 

EGF 
LASIX 
PARK 
PRK 
l/STV 
H/BTS 
TBUT 



epidermal growth factor 
laser in situ keratomileusis 
photoastigmatic refractive keratectomy 
photorefractive keratectomy 
Schirmer test without anesthesia/Schirmer test value 
Schirmer test with anesthesia/basal tear secretion 
tear break up time 

J ISSN 1 040-8738 © 2001 Lippincott Williams & Wilkins, Inc. 



318 



Dry eye is an undesirable sequela of refractive surgery. 
Patients who have undergone photorefractive keratec- 
tomy (PRK) and laser in situ keratomileusis (LASIK) of- 
ten report symptoms of dryness, grittiness, or irritation 
similar to those symptoms experienced by patients with 
dry eye. Additionally, results of measures of dry eye, 
such as the Schirmer test, tear break up time, and rose 
Bengal staining have been reported to be abnormal for a 
few months postoperatively. With the increasing number 
of refractive surgeries performed, are we creating a new 
population of patients with dry eye? In this review, the 
course of tear-related changes, etiology, sequelae, and 
management of dry eye after PRK and LASIK will 
be discussed. 

Dry eye is defined as a disorder of the tear film caused by 
tear deficiency or excessive tear evaporation, which, in 
turn, causes damage to the interpalpebral ocular surface 
and is associated with symptoms of ocular discomfort 
[1,2]. Tear-related causes can be attributed to abnormali- 
ties in tear production by the lacrimal gland, distribution 
by blinking, or evaporation from the ocular surface [3], 
Diagnosis is made after analyzing subjective complaints, 
objective signs, and abnormal results of dry eye tests. 
Because a normal ocular surface with good optical quality 
is a prerequisite for refractive surgery, pathologic signs 
are usually not present. Therefore, patient symptoms 
serve as indicators of the presence of dry eye. These 
symptoms should prompt a clinician to initiate a series of 
tests to determine the cause of dry eye, measure the 
degree of dry eye, and determine the need for preopera- 
tive therapy. This information is useful in deciding 
whether the patient is a good candidate for surgery. 

Course of tear-related changes 

Refractive surgery is believed to cause tear-deficient dry 
eye by a neural-based mechanism. Because the standard 
measure for showing reduced tear volume and tear flow 
is the Schirmer test, studies consistently have included 
this test in reporting dry eye incidences. Yu et at. [4»«] 
performed a prospective, nonrandomized study that 
compared the effect of LASIK on symptoms and tear 
function preoperatively and postoperatively. Before sur- 
gery, the authors found that 15.6% of patients experi- 
enced dry eye symptoms, 50% had Schirmer I/STV 
(Schirmer test without anesthesia/Schirmer test value) 
values less than 10 mm and Schirmer II/BTS (Schirmer 
test with anesthesia/basal tear secretion) values less than 
5 mm, and 63% had a tear break-up time (TBUT) of less 
than 5 seconds. The high incidence of abnormal test 



values was attributed co the large proportion of LASIK 
patients who had a history of contact lens intolerance. 
Postoperatively, the incidence of symptomatic subjects 
was 94.8% at 1 day, 85.4% at 1 week, and 59.4% at 1 
month. One month after LASIK, 60% had abnormal 
Schirmer values and 69% had an abnormal TBUT. Mean 
Schirmer I and II values decreased by as much as 30%. 
Subgroup analysis showed that 72% of patients with 
Schirmer I values less than 10 mm preoperatively expe- 
rienced dry eyes 1 month after surgery, versus 46% with 
Schirmer I values > 10 mm. The authors concluded that 
preoperative Schirmer I values less than 10 mm preop- 
eratively are a significant risk factors for experiencing dry 
eye symptoms 1 month after LASIK. 



In a study of tear function changes after PRK and 
LASIK, Lee etal. [9»«] showed a significant reduction in 
Schirmer II and TBUT scores and a significant increase 
in tear osmolarity 3 months after both procedures. How- 
ever, there was a greater decrease in Schirmer II and 
TBUT values and a higher tear osmolarity in LASIK 
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patients than in PRK patients. The authors concluded 
that the decrease in tear production and severity of dry 
eye was greater in LASIK than PRK. 

Etiology 

The ocular surface (cornea, conjunctiva, accessory lacri- 
mal glands, and meibomian glands), the main lacrimal 
gland, and the interconnecting neural reflex loops com- 
prise a functional unit in which parts act together, form- 
ing an "ocular surface lacrimal gland feedback" system 
[10,1 1,1 !••], When afferent nerves of the ocular surface 
are stimulated, a reflex results in immediate blinking and 
secretion of a copious amount of reflex tears from several 
tissues and glands of the ocular surface that are over- 
whelmed by the main lacrimal gland. Reflex tearing is 
important because it supplies such essential components 
as epidermal growth factor (EGF) and vitamin A, a de- 
ficiency which may cause squamous metaplasia [3]. Con- 
tinuous subthreshold stimulation of the cornea by the 
lids or environmental factors such as wind is believed to 
result in a constant low-level secretion from the same 
sources. In cases of neurotrophic keratitis, in which de- 
creased corneal sensation is the hallmark, there is a re- 
duction in aqueous production [13]. Tear flow and vol- 
ume were also found to decrease significantly below 
physiologic values after topical anesthetic instillation. 
The magnitude of decrease was approximately 60% com- 
pared with baseline values without anesthesia in both 
the younger and the older age groups [14]. Conversely, 
with a return of corneal sensation, tear flow is expected 
to improve. Fujishima etal. [15] administered oral aldose 
inhibitors to patients with diabetes and observed an im- 
provement in their corneal sensation. This was accom- 
panied by parallel improvements in Schirmer test values, 
tear break-up time, and fluorescein and rose Bengal 
staining. The development of dry eye is consistent with 
our understanding that refractive surgery disrupts this 
integrated functional unit by destroying sensory inner- 
vation of the central cornea. 

Corneal sensation and nerve morphology 

Understanding corneal sensation and corneal nerve mor- 
phology is important because they are closely related to 
the course of tear function test changes. Central corneal 
sensation is mediated by stromal nerves that originate 
from the long ciliary nerves and penetrate the Bow- 
man membrane. The long ciliary nerve comes from the 
ophthalmic nerve, which is the first division of the tri- 
geminal nerve [16,17]. In LASIK, the microkeratome 
makes a tangential cut across the corneal surface. The 
penetrating nerves are severed, except in the area of the 
flap hinge. In PRK, the corneal epithelium, along with 
its nerve endings, are removed by using alcohol, me- 
chanical scrape, a rotating brush, or a laser. The exposed 
stromal bed is then ablated using the laser, causing fur- 
ther obliteration of the nerves that supply the central 



Benitez del-Casrillo et aL [5**] prospectively compared 
tear secretion and corneal sensitivity on long-term con- 
tact lens wearers (more than 5 years) versus non-contact 
lens wearers after LASIK. In this study, tear secretion 
and corneal sensitivity were significantly lower in long- 
term contact lens wearers than in non-contact lens 
Vearers preoperatively and 6 months after surgery. Over- 
all, tear secretion and corneal sensitivity decreased 
significantly after LASIK and returned to preoperative 
levels only after 9 months. Aras et aL [6«] similarly re- 
ported reduced tear secretion 4 weeks after LASIK. 
Schirmer I values were substantially lower in operated 
versus control eyes of the same patient who did not un- 
dergo surgery. 

Changes in tear dynamics also occur after PRK. A study 
by Ozdamar et aL [7] showed a significant decrease in 
Schirmer I values and TBUT scores 6 weeks after PRK 
in patients with contralateral eyes who underwent opera- 
tion compared with patients who did not. Schirmer I and 
TBUT values were approximately 50% lower than con- 
trol values. After PRK and photoastigmatic refractive 
keratectomy (PARK), Siganos et aL [8«] found a signifi- 
cant reduction in Schirmer I, Schirmer II, and TBUT 
values at 1, 3, and 6 months after surgery. The lowest 
values were observed at 1 month. The values steadily 
..'increased, but the values did not reach preoperative lev- 
els even at 6 months. The pattern of change on Schirmer 
I and TBUT of PRK and PARK was similar at all inter- 
vals. However, at 3 and 6 months, Schirmer II values 
after PARK were significantly lower than values after 
PRK. Possible explanations presented include a dellen 
effect caused by a more irregular corneal surface or the 
irregular ablation of cornea! nerves affecting reflex secre- 
tion after astigmatic treatment. 
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corneal surface. The net result is a loss or decrease in 
corneal sensation. 

After LASIK, corneal sensation was reduced for approxi- 
mately 3 weeks, with the lowest values observed during 
the First 2 weeks [18»,19»*]. Corneal sensation began to 
return at 3 weeks, approaching sensitivity values compa- 
rable with preoperative levels 6 to 9 months postopera- 
tively [6,17-19]. A different temporal pattern of loss and 
recovery of corneal nerve function was observed follow- 
ing PRK. Corneal sensitivity was depressed significantly 
at week 1, with a further reduction at week 2, and 
gradual recovery reaching preoperative levels at 1 year 
[20]. Other reports showed that the return to full sensi- 
tivity after PRK was achieved between 3 and 9 months 
[21-23]. The immediate loss at week 1 was caused by the 
total removal of the corneal epithelial nerve supply and 
the underlying stromal nerves. The further decrease at 
week 2 probably was a result of the new epithelium 
•j acting as a barrier to stimulation, whereas the gradual 
recovery afterward was probably caused by epithelial re- 
innervation within the ablation zone [20]. 

Comparative studies have been conducted on corneal 
sensitivity changes after LASIK and PRK. In the correc- 
tion of low myopia, corneal sensitivity in the ablated 
zone was depressed further after LASIK than it was after 
PRK during the first 3 months after surgery. After 6 
months, corneal sensitivity values were similar in both 
groups [24]. For high myopic corrections, patients who 
underwent LASIK had better corneal sensation after 6 to 
12, months than patients who underwent PRK [21]. A 
possible explanation for this sensory differential is the 
substantial amount of tissue removed in high myopia, 
and the additional removal of the epithelium and the 
Bowman membrane in PRK resulted in a greater nerve 
tissue loss compared tfian it did with LASIK. This 
may require a longer regeneration and recovery time. 
The preservation of subepithelial nerves in the LASIK 
flap also may play a role in the differences in corneal 
) sensation. 

In human in vivo confocal microscopy studies, PRK and 
LASIK show a similar centripetally oriented regenera- 
tion of corneal nerves [25]. Sue months after LASIK, the 
appearance of short, sub-basal nerve fiber bundles in the 
central area coincided with recovery of sensitivity values 
comparable with values observed in control subjects [19]. 
However, further changes in nerve structure were de- 
tectable up to 12 months after surgery. Three months 
after PRK, single nonbranched nerve fibers could be vi- 
sualized at the center. At 6 to 8 months, subepithelial 
nerve regeneration seemed to be complete [25]. This is 
consistent with the recovery of corneal sensitivity ob- 
served within 6 to 12 months after PRK. 

Other causes 

In addition to tear deficiency from a neural mechanism, 
other causes may contribute to dry eye after refractive 



surgery. Reduced corneal sensation not only decreases 
tear secretion but also reduces blink rate [26]. Collins 
[27] reported that topical proparacaine applied bilaterally 
decreased the blink rate by approximately 30%. Less 
blinking and decreased wearing of eyeglasses after re- 
fractive surgery can increase the evaporation rate of tears 
[3,28]. Trauma of the microkcratome pass, suction ring 
application in LASIK, and epithelial removal after PRK 
will incite postoperative inflammation. Inflammatory 
mediators may cause the discomfort and irritation per- 
ceived as dry eye symptoms or may aggravate the de- 
creased secretion of the lacrimal gland. Topical medica- 
tions applied after refractive surgery may have toxic ef- 
fects on the corneal epithelium. A change in corneal 
curvature could alter tear dynamics and cause a dellen 
effect, as observed in astigmatic treatments. It is possible 
that all these explanations are partly correct, and each 
may contribute to the symptoms experienced postopera- 
tively. However, most of the evidence points to a pre- 
dominantly tear-deficient state induced by decreased 
sensation and reduced reflex tearing. 

Sequelae 

The prognosis for dry eye after refractive surgery is good. 
Symptoms develop in most patients that resolve after a 
limited period of time without permanent complication. 
Individuals with pre-existing dry eye may experience 
exacerbation of symptoms, but normal recovery is ex- 
pected. In patients with non-Sjogren dry eye and contact 
lens intolerance in whom PRK was thought to be con- 
traindicated, it was shown that re-epithelialization was 
completed after 4 days, and patients were able to elimi- 
nate contact lenses [29]. Additionally, subclinical tear de- 
ficiency indicated by low Schirmer test values before 
surgery reportedly did not influence the visual outcome 
and haze scores in PRK patients 1 year after surgery [30]. 
However, dry eye deserves close attention "and monitor- 
ing because it can have devastating consequences. The 
tear film bathes, protects, and nourishes the cornea and 
contains proteins that may be antibacterial. These prop- 
erties are compromised in dry eye and there is an in- 
creased likelihood of impaired wound healing. Superfi- 
cial punctate keratitis, recurrent epithelial erosion, 
corneal surface irregularities, flap wrinkles, epithelial in- 
growth, and infection are complications that can occur. In 
addition to the accompanying discomfort, the optical 
quality of the cornea may deteriorate, rendering the sur- 
gery a failure and defeating the purpose of undergoing 
refractive surgery. 

Management 

Management of dry eye after refractive surgery begins 
with a thorough preoperative screening. A comprehen- 
sive history and a questionnaire may detect pre-existing 
disease and determine the need for supplementary tear 
function tests. The following symptoms are particularly 
important. The most frequently reported symptoms of 
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ocular irritation for dry eye were dryness, soreness, and 
light sensitivity [31,32]. A large number of refractive pa- 
tients are contact lens wearers, and it is necessary to 
determine whether they are at an increased risk of de- 
velopment of or aggravation of dry eye after surgery. A 
history of contact lens wear and a reduction in wearing 
time has been associated with tear film instability, dam- 
age to the ocular surface epithelium, and dry eye symp- 
toms [33-35]. Additionally, tear secretion and corneal 
sensitivity were found to be more depressed in long-term 
contact lens wearers preoperatively and 6 months after 
surgery [4]. Concurrent allergies, dry mouth, or the use of 
medications can increase the chance of patients reporting 
dry eye symptoms [36]. In the presence of these warning 
signs, the surgeon can initiate preventive measures, in- 
cluding rescheduling of surgery, treatment of dry eye 
preoperatively until symptoms subside, and initiation of 
therapy immediately after surgery to prevent the recur- 
rence or worsening of symptoms. 

Refractive surgery causes a tear-deficient dry eye that is 
transient, lasting for approximately 6 months to 1 year. 
Patients should be warned of the discomfort and the 
possible need for additional eye drops during this period. 
Symptom-based management is practical and acceptable 
considering that refractive surgery is an elective proce- 
dure, and we prefer not to subject the patient to a battery 
of uncomfortable, time-consuming tests when symptoms 
are not present. Therapy should be directed to the 
specific mechanism, should be convenient for the pa- 
tient to administer, and should avoid morphologic 
changes and side effects to the ocular surface that may 
affect optical quality. 

Artificial tears are useful for managing these symptoms. 
Although we do not routinely dispense artificial tears 
postoperatively, we do not hesitate to give patients this 
alternative if they report discomfort consistent with dry 
eye. One study found that using carmellose-based arti- 
ficial tears significantly reduced postoperative symptoms 
of ocular irritation and improved tear film stability 1 
month after LASIK [37]. Symptom reduction was accom- 
panied by improvements in tear break-up time, rose 
Bengal staining, and goblet cell density compared with 
balanced salt solution treatment. 

For patients in whom a higher probability of develop- 
ment of dry eye postoperatively was reasonably sus- 
pected, we may insert a collagen punctal plug immedi- 
ately after the procedure. Punctal occlusion is a simple, 
popular procedure for managing dry eye. The rationale 
behind punctal occlusion is to retain natural and artificial 
tears by blocking tear outflow [38,39]. Coilagen- 
absorbable implants reduce flow through the canaliculus 
by approximately 60 to 80% and can last from 3 days to 
2 weeks [40]. We insert one punctal plug preferably in 
the inferior punctum to ensure adequate moisture by 



lowering drainage function. The increased tear volume 
maintains tear osmolarity and helps to restore the epi- 
thelial cells to health. Although it may benefit patients 
with low Schirmer values, it may cause stasis of the tear 
film and decrease washout. Fortunately, inflammation 
and release of possibly harmful cytokines are resolved 
fairly early after refractive surgery, thereby lessening the 
chance of increasing corneal damage and worsening dry 
eye symptoms. 

Alternative treatments for dry eye, including sodium 
hylauronate eyedrops, autologous serum application, and 
cyclosporin A ophthalmic emulsion, have been reported 
to be beneficial, but their use in postrefractive surgery 
dry eye has yet to be investigated [41-43]. 

Conclusion 

Excimer laser refractive surgery induces tear-deficient 
dry eye and exacerbates pre-existing disease by disrupt- 
ing corneal innervation. Decreased corneal sensation, dry 
eye symptoms, abnormal results of the Schirmer test, and 
tear break-up time values can be present from 6 months 
to 1 year after surgery. Candidates for surgery should be 
screened properly so that pre-existing dry eye is de- 
tected, and patients should be counseled and pretreated 
accordingly. Administration of artificial tears and inser- 
tion of punctal plugs are recommended as measures to 
reduce discomfort during the symptomatic postopera- 
tive period. 
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Decrease in Corneal Sensitivity and Change in 
Tear Function in Dry Eye 



Ke-Ping Xu, m.d., Yukiko Yagi, o.r.t., and 
Kazuo Tsubota, m.d. 



Quf purpose was to investigate the relationship between 
insufficient tear secretion and decreased corneal sensitiv- 
ity We studied 59 patients with dry eye, 15 of whom had 
Sjogren's syndrome (SS), and 26 healthy subjects. Cor- 
neal sensitivity was measured by the csthesiometer of 
Cochet and Bonnet. Schirmer test with or without anes- 
thesia, tear clearance rate, tear function Index, and rose 
bengal and fluorescein staining were also evaluated. The 
mean corneal sensitivity <pf either dry^eye group (4.6* 1 .2 
and 4,5± 12 cm for non-SS and SS dry eye. respectively) 
was significantly lower than that of the control (5.82:0.4 
cnt; p < 0 001) Corneal sensitivity correlated signifi- 
cantly with the Scnirmer values with anesthesia and the 
tear function index in the two dry-eye groups and the 
control (p < 0.05). There were significant relationships 
between corneal sensitivity and the rose bengal and flu- 
orescein scores in the three groups (p < 0 05). Hypose- 
cretion of tears in dry eye may lead to pathologic changes 
in corneal epithelium and a decline in corneal sensitivity. 
Prompt treatment of dry eye is essential to maintain a 
normal corneal protective mechanism. 
Key Words: Corneal sensitivity— Tear function parame- 
ter—Dry eye. 



The attenuation of corneal sensitivity caused by 
neurotrophic changes has been well documented in 
patients with herpes simplex keratitis, diabetes, and 
leprosy and in those undergoing ocular surgery (1- 
5). Mechanical factors also reduce corneal sensitiv- 
ity in contact lens wearers (6,7). Hyposecrctjon of 
tears resulting from a variety Of local or systemic 
disabilities may affect both cornea and conjunctiva. 
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Decreased corneal sensitivity in dry eye may be 
overlooked, and corneal integrity may be threat- 
ened by leaving an open path for possible infection. 
To recognize such problems, the extent of the re- 
duction in corneal sensitivity should be determined. 
In this study, we evaluated corneal sensitivities and 
tear function parameters in patients with dry eye 
and in an age- and sex-matched control group. 

PARTICIPANTS AND METHODS 

Subjects 

We studied 59 dry-eye patients. Dry eye was di- 
agnosed according to the criteria applied at our in- 
stitution (Table 1) (8). Patients were asked to record 
their symptoms of dry eye on questionnaires before 
ocular examination. After ocular and serologic ex- 
aminations, patients were divided into two grpups 
(9), 15 with Sjogren syndrome (SS) dry eye (age, 
$4.6±9.8 years; 93-3% women) and 44 with non-SS 
dry eye (age. 52 J±13.3 years; 93.2% women), fol- 
lowing the diagnostic criteria of Fox et al. (10). 

The control subjects consisted of 26 individuals 
(age, 50 2* 14.0 years) of both sexes (84.6% 
women) who had no symptoms of dry eye ($), oc- 
.ular surface abnormalities, systemic diseases re- 
lated to dry eye. or history of neurologic diseases. 
They were recruited from among the patients with 
refractive errors or cataracts in an ophthalmic out- 
patient clinic. Participants entering this £tudy met 
the following requirements: they were cooperative 
with the examiner, they were taking no corneal an- 
- esthesia or wearing contact lenses, they had no sys- 
temic neurological problems, and they had had no 
eye surgery. 

Measurement 

Corneal sensitivity was measured using the esthe- 
siometer of Cochet and Bonnet (II). By changing 
the length of the nylon filament, the extent of the 
force applied to the cornea can be varied, and cor- 
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TABLE 1. Criteria for diagnosis of dry eye 



Criteria for inclusion 
Chronic ocular symptoms 

Vital staining tost: rose bengal score »3 or fluorescein 
score >1 

Tear evaluation test: tear film breakup time *5 s or 
Schlrmer test with anesthesia <5 mm 
Criteria for exclusion 
Trichiasis 

Foreign bodies 



neal sensation can be quantitated. A table to con- 
vert the length of the filament to the values of the 
corneal pressure (g/mm 2 ) is provided with the in- 
strument. 

Briefly, the nylon thread of the instrument was 
extended to a length of 6.0 cm and applied perpen- 
dicularly to the center pf the cornea. Low pressure 
was exerted, arid the length of the filament was de- 
creased gradually (with 0.5-cm descent) until the 
first response, $uch as blinking of startling, oc- 
curred. The maximum length of the filament needed 
to elicit the response was recorded as an indicator 
of corneal sensitivity. 

The Schirmer test with anesthesia and tear clears 
arice rate test were performed 5 min after Instilling 
a 10-jjul drop of 0.5% fluorescein and 0.4% oxybu- 
procaine hydrochloride into the conjunctival sac. 
The Schirmer strip was then applied for another 5 
min. The length of the wet portion was defined as 
the Schirmer value with anesthesia; the faded fluo- 
rescein color was compared with a standard color 
plate to determine the tear clearance rate. The rale 
at which the fluorescein color faded on the 
Schirmer strip was graded as 1, V*. Y* 9 >i, Yu, 
Vfc* , Viza, or V4». The grade of the tear clearance rate 
defined from 1 (the color of undiluted 0J% fluores- 
cein solution) to i** (no apparent staining on the 
Schirmer strip) is based on titer changes of the flu- 
orescein concentration in the conjunctival sac. The 



tear function index was calculated from the quotient 
of the Schirmer value with anesthesia and the tear 
clearance rate (12): tear function index = value of 
the Schirmer test with anesthesia/tear clearance 
rate. 

For slit-lamp microscopic examination of the oc- 
ular surface, we used a micropipette, instilling a 2 
uJ-drop of preservative-free dye (a combination of 
1% rose bengal and 1% fluorescein) into the con- 
junctival sac (13). Rose bengal staining for the tem- 
poral conjunctiva, cornea, and nasal conjunctiva 
was graded from 0 to 3 (12,14). Fluorescein staining 
was also graded from 0 to 3 for the upper, middle, 
and lower thirds of the cornea. After staining of the 
ocular surface with rose bengal and fluorescein, the 
esthesiometer procedure was conducted. The 
Schirmer test with anesthesia and the tear clearance 
rate were measured 1 h after staining. In addition, 
the Schirmer test without anesthesia was performed 
at a follow-up visit. 

Data Processing 

Data were processed using Stat View software 
(1988; Abacus Concepts, Inc., CA, U.S.A.) for de- 
termination of simple regression and analysis of 
variance. A level of p < 0.05 was accepted as noting 
statistical significance. 

RESULTS 

Table 2 lists the test results for patients with dry 
eye and controls. The mean corneal sensitivity in 
either dry-eye group was significantly lower than 
that in the controls (p < 0.001; Fig. 1). No signifi- 
cant difference was found between the two dry-eye 
groups (p > 0.05). 

Corneal sensitivity correlated significandy with 
values of the Schirmer test with anesthesia (r = 



TABLE 2. Test results in patients with dry e) 


re and controls (mean 


± SD) > 




Test 


Non-SS 
dry eye 


SS 
dry eye 


Control 


p value 


Corneal sensitivity {cm? 

Schirmer test with anesthesia (mm/5 min) 

Tear clearance rate 

Tear function index 1 * . 
Schirmer test without anesthesia (mm/5 mm) 
Rose bengal score 

Fluorescein score 


4.6 * 1.2 
4.5 ± 2.9 
1/11.5 (G)° 
5.5 ± 1.8 
6.4 ± 8.2 
3.3 ± 2.1 
2.2 ± 1.6 


4.5 * 1.2 

3.3 ± Z0 
1/11.1 (Gf 

4.9 * 1.4 

4.4 ± 4.8 
5 6 ± 2.1 
3.4 £ 1.8 


5.B ±0.4 
8.8 ± 6.9 

1/14.6 (G) c 
6.7 ± 1.1 

18.4 i 9.2 
0.5 ± 0.7 
0.2 ± 0.4 


<0.01* 
<0.05* 

<0.01* 
<0.01* 
<0.01* 
<0.01* 



SS. Sjogren's syndrome. 

* Determined by the length of the nylon filament 

6 Logarithm-transformed data, log* (tear function index). 

«Sr^valu£ w£e significant between both types of dry eye and control, (paired t test, two ttils. p < 0.05). 

• The p value was significant between SS dry eye and controls (paired f test, two tails, p ^ 0.O5). 
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FIG. 1* Mean corneal sensitivity (length of the nylon 
filament In centimeters) In non-SS dry ^eye. SS dry eye. 
and controls (4 6±1.2, 4.5*1.2. and 5.8 ±0.4. respec- 
tively), there were significant differences between 
both dry-eye groups and the control group (asterisk 
signifies p< 0 001). No significant difference was no- 
ticed between the two dry-eye groups (~p > 0.05). 

0 54, 0M t and 0.32, for nori-SS dry eye, SS dry 
eye, and controls, fespectiyety; p < 6 05). Positive 
correlations were ako found between the corneal 
sensitivity and the tear function index (Fig. 2). 
However, no significant relationship was found be- 
tween the corneal sensitivity and the tear clearance 
rate or the Schirmer value without anesthesia. 
Corneal sensitivity correlated significantly with 
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FIG. 2. Corneal sensitivity correlated significantly with 
the tear function index (TF1) in all three groups (f =» 
6 53. 0.44. and 0.29 for non-SS dry eye. SS dry eye. and 
controls, respectively; p < 0.05). The higher the tear 
function Index, the greater the corneal sensitivity in all 
three groups. Symbols (triangle, circle, and square) 
stand for subjects of non-SS dry eye. SS dry eye. and 
controls, respectively. Lines (solid/broken, broken, 
and sdljd) represent regression for non-SS dry eye. SS 
dry eye. and controls, respectively. 



ocular surface conditions, as determined by rose 
bengal scores. Figure 3 shows that the better the 
conditions of the ocular surface, the greater the cor- 
neal sensitivity. 

DISCUSSION 

In the present study we show that individuals 
with dry eye have a greater incidence of reduced 
tactile sensitivity of the cornea than do controls. 
The reduced corneal sensitivity appears to be re- 
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FIG. 3. Significant relationships were oM«?*d 
tween corneal sensitivity and rose bengal scores {r* 
0 58. 0.38. and 0.68 for non-SS dry eye. SS dry eye. and 
con rols. respectively; p < ^*)'^"j£?2fS 
scores (r = 0.48. 0.55. and 0,40 for non-SSdry ' eye^SS 
dry eye and controls, respectively; p <OQJ). Symbote 
(triangle, circle, and square) stand for subjects oj^non- 
SS dj-eye. SS dry-eye. and control groups ^ respec- 
tively Lines (solid/broken, broken, and solid)! repre- 
sent regression in non-SS dry eye. SS dry eye. and 
controls, respectively. 
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lated to disturbance of the ocular surface integrity, 
which results from impaired tear secretion. Corneal 
nerves, apart from the sympathetic supply to the 
vascular plexus at the limbus, are derived from the 
ophthalmic division of the Fifth crania) (trigeminal) 
nerve. The afferent pathway leaving the corneal 
sense organ extends into the ophthalmic nerve and 
then joins the major trigeminal trunk. Corneal nerve 
fibers have two types of endings: numerous fine, 
threadlike filaments between the lamellae and pen- 
etrating apertures through Bowman's membrane 
reaching the four basal layers of the corneal epithe- 
lium (15). The maintenance of corneal physical 
properties is highly dependent on an adequate nu- 
tritional supply from perilimbal capillaries, the tear 
fluid, or the aqueous humor. A substantial portion 
of the oxygen required by the cornea is supplied 
through the external surface; presumably, the tear 
fluid dissolves oxygen and diffuses into the epithe- 
lium. 

The development of dry eye is based on changes 
in composition of the tear film, the outmost oil layer 
from the meibomian glands, the water layer from 
the lacrimal gland, or the innermost mucinous layer 
from the goblet cells of the conjunctiva. The mu- 
cous tear layer is thought to play a major role in 
maintaining the protective status of the precorneal 
tear film (16). Moreover, tear film stability is con- 
trolled by the ocular surface epithelium (16). Based 
on clinical staining and impression cytology (17), 
the features characteristic of keratoconjunctivitis 
sicca are positive rose bengal staining and squa- 
mous metaplasia (16,17). These changes may repre- 
sent the alteration of the precorneal tear film and 
epithelial cells of the cornea and conjunctiva in dry 
eye. Increased staining has been observed to corre- 
late with decreased corneal sensitivity in our study, 
partly reflecting disease severity. 

Dry-eye patients have symptoms of irritation be- 
cause of the impairment of the ocular surface. How- 
ever, perception of pain was paradoxically lessened 
in these patients. From the physiologic standpoint, 
sensory nerves may adapt to a stimulation; the fre- 
quency and intensity of action potentials may de- 
cline in adaptation. The process involves simple ac- 
commodation of the axon (18). The pain receptors 
of the cornea belong to a class of slowly adapting 
end organs. Prolonged erosion and irritation of the 
ocular surface may elevate the threshold for pain; 
thus stronger stimuli are required to elicit corneal 
sensation in patients with dry eye. 

Imbalance in tear dynamics (i.e.. tear production, 
tear evaporation, or tear drainage) is the leading 
cause of dry eye. Derived from the Schirmer test 
with anesthesia, the tear function index is a good 



indicator of tear secretion and drainage (12); the 
higher the tear function index, the better the ocular 
surface condition. That corneal sensitivity corre- 
lated significantly with the Schirmer values with an- 
esthesia and the tear function index suggests that 
the decline in basic tear secretion in dry eye may 
exert an influence on corneal hypoesthesia. More- 
over, characteristic staining on the ocular surface 
correlated with decreased corneal sensitivity in dry 
eye, indicating that tear deficiency may have an im- 
pact on ocular surface impairment and act as a fa- 
cilitator of corneal hypoesthesia. 

While exploring the relationship between corneal 
sensitivity and tear dynamics, we analyzed data 
dealing with tear drainage and reflex tearing. In a 
previous study, we compared results of the tear 
clearance rate with those of the basal tear turnover 
and tear flow obtained from fluoropho tome try. We 
found that each higher grade of the tear clearance 
rate showed a 12.5% increase in basal tear turnover 
(3.59%/min) and tear flow (0.38 ^Vmin) (19). 

We believe that the tear clearance rate and the 
Schirmer test without anesthesia measure tear 
drainage and reflex tear secretion, respectively. 
However, results of these tests did not correlate 
with corneal sensitivity. The validity of these tests 
has been debated (12.14). The absence of correla- 
tion may be attributable to the fact that these tests 
are less reliable or that the decline in cornea) sen- 
sitivity is independent of tear drainage and reflex 
tears. 

Considering the variation in cornea sensitivity, 
we measured all data in the center circular area of 
—5 mm in diameter, an area of extreme corneal acu- 
ity (20). Although corneal sensitivity was assessed 
before performing the Schirmer test with anesthe- 
sia, it was measured after the instillation of rose 
bengal and fluorescein. Since many ophthalmic so- 
lutions can elevate the threshold of corneal sensi- 
tivity (1), inaccuracies are likely. In addition, ero- 
sion and irritation of the ocular surface may inter- 
fere with patients* affirmative responses to the 
esthesiometer. 

Collectively, decreased tear secretion in dry eye 
may have an impact on the pathologic changes of 
the corneal epithelium and lead to a decline in cor- 
neal sensitivity. Prompt treatment of dry eye is es- 
sential to maintain the normal protective mecha- 
nism and prevent the potentially severe complica- 
tions of this disorder. 
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Improvement of Corneal Sensation and Tear 
Dynamics in Diabetic Patients by Oral Aldose 
Reductase Inhibitor, ONO-2235: 
A Preliminary Study 



Hiroshi Fujishima, m.d., Jun Shimazaki, m.d,, 
Yukiko Yagi, o.r.t., and Kazuo Tsubota, m.d. 



The mechanism in the pathogenesis of diabetic corneal 
disease is unclear, but aldose reductase may be involved 
in the corneal disease. We studied the effects of an aldose 
reductase inhibitor (ARI) on the ocular surface of diabetic 
patients. Fourteen aphakic or pseudophakic patients with 
diabetes were treated with orally administered ONO-2235 
(150 mgfday). Corneal sensation, vital staining of ocular 
surface, and tear production were examined before and 3 
months alter the administration. After a 3-month period 
of oral ARI, corneal sensation recovered significantly 
(from4.1±4.8to3.0±3.lg/mm 2 ;p <= 0.015), with parallel 
improvements in rose bengal and fluorescein staining 
scores ip < 0.05). Tear break-up time had also improved 
ip = 0.003). Results of Schirmer's test (p = 0.03) and the 
cotton-thread test (p «* 0.0001) showed significant im- 
provement in tear production. Improvement in the dy- 
namics of tear production may be due to an improvement 
in corneal sensitivity. An oral ARI can improve corneal 
epithelial changes caused by diabetes, probably through 
recovery of corneal sensation and tear production. 
Key Words: Aldose reductase inhibitor — Corneal sensa- 
tion — Tear dynamics— -Tear break-up time. 



Cataract, retinopathy, and iritis are well-known 
complications of diabetes mellitus. The corneal ep- 
ithelium of diabetics also suffers severely, espe- 
cially after vitreous surgeries, and recently prob- 
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lems involving the ocular surface have been re- 
ported in patients with diabetes mellitus, par- 
ticularly after ocular surgery (1-3). Patients with 
diabetes experience a variety of corneal complica- 
tions, irrespective of ocular surgery (4-8), including 
superficial punctate keratopathy (5), recurrent cor- 
nea) erosion (9), persistent epithelial defect, or 
trophic ulceration (10). The mechanism responsible 
for diabetic ocular surface abnormality is unclear, 
but aldose reductase, the first enzyme of the sor- 
bitol pathway, may be involved, as it affects other 
tissues in diabetic complications (11-13). A neuro- 
trophic involvement is suggested by the observation 
that diabetics show a decrease in corneal sensitivity 
(6) and by the complications of sterile ulcers in cor- 
neas of diabetics (10). Experimental studies showed 
that aldose reductase inhibitors (ARls) are effective 
in promoting corneal reepithelialization (14-16), 
and the topical ARI, CT-1 12, was reported to im- 
prove corneal sensitivity (17); clinical benefit was 
also reported (18). Morphologic study with specular 
microscopy was performed and showed capability 
in reversing abnormal morphologic characteristics 
of corneal epithelial cells in diabetic patients (17). 
However, no information has been reported about 
the effects on tear dynamics. In our study, we ad- 
ministered an ARI, ONO-2235 {(E)-3-carboxy- 
methyl-5-[(E)-2-methyl-3-phenylpropenylidene] 
rhodanine}, orally for 3 months to 14 diabetic pa- 
tients after cataract surgery and examined whether 
it could improve the ocular surface condition. We 
also showed that three typical cases of post-cataract 
surgery patients with diabetic corneal abnormality 
seemed to show a dramatic response to treatment 
with the ONO-2235. 
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MATERIALS AND METHODS 

Patients 

Diabetic patients who had undergone bilateral 
cataract extraction and implantation of posterior- 
chamber intraocular lenses were enrolled in this 
study. All patients had had surgery s»3 months be- 
fore the study (range, 3-24; average, 12.1 ±5.8) (Ta- 
ble 1). Their clinical abnormalities included two 
cases of corneal ulcers, two cases of epithelial de- 
fect, and 10 cases of superficial punctate keratopa- 
thy; all had symptoms such as foreign-body sensa- 
tion (18,19). The study group comprised 14 
pseudophakic patients with diabetes (seven men 
and seven women; mean age, 62.9±7.5 years). Five 
patients had nonproliferative retinopathy, seven 
had preproliferative retinopathy, and two had pro- 
liferative retinopathy. The types of diabetes were 
non-insulin-dependent diabetes mellitus (N1DDM) 
in nine patients and insulin-dependent diabetes mel- 
litus (1DDM) in five others. The mean duration of 
diabetes was 13.8± 1.0 years, and the mean duration 
of diabetic retinopathy was 3.7±1.0 years. In four 
patients, photocoagulation had been performed, 
and one patient had undergone vitrectomy. 



Drug Administration 

After explaining the nature of the study to the 
patients, we administered ONO-2235, total 150 mg/ 
day, three times daily, 30 min before each meal, for 
3 months. No other drug with known or suspected 
interactions with ONO-2235 or any systemic and 
topical drugs that have effects on tear production or 
ocular surface was prescribed during the study. 



TABLE 1. Profile of patients 



Patient 
no. 


Age 


Sex 


Retinopathy 


Time from 
surgery (mo) 


1 


63 


M 


Pre- 


7 


2 


63 


F 


Non- 


16 


3 


57 


M 


Pre- 


3 


4 


58 


M 


Pre- 


18 


5 


79 


M 


Pre- 


11 


6 


68 


M 


Prollferat^ve 


6 


7 


67 


F 


Non- 


17 


8 


70 


F 


Pre- 


6 


9 


67 


F 


Non- 


14 


10 


58 


M 


Non- 


12 


11 


63 


F 


Pre- 


11 


12 


64 


M 


Pre- 


24 


13 


53 


F 


Prollferative 


8 


14 


71 


F 


Non- 


16 


Average 


62.9 






12.1 



Pre-, preproliferative; Norv, nonproliferative. 



Clinical Examination 

Corneal sensation, rose bengal and fluorescein 
stains, tear break-up time (BUT) (20), Schirmer's 
test, and the cotton-thread test (21) were all used for 
evaluation of the ocular surface. Central corneal 
sensation was measured with a Cochet and Bonnet 
aesthesiometer (Luneau Ophthalmologic, Prunay- 
le-Gillon, France) (22). Rose bengal staining was 
graded 0 to 3 + at the nasal conjunctiva, the tem- 
poral conjunctiva, and the cornea, with a maximal 
grade of 9+ (23). Fluorescein staining was graded 0 
to 9+ at the cornea (23). BUT was the number of 
seconds between the last complete blink and the 
first disturbance of the precorneal tear film. Schirm- 
er's test was performed 5 min after instillation of a 
drop of solution containing 0.5% fluorescein and 
0.4% oxybuprocaine hydrochloride into the cul-de- 
sac (18). 

Each measurement was made by the same inves- 
tigator (H.F.) in the same room. All patients gave 
their informed consent for participation in this 
study. 

Statistical Analysis 

Data were reported as real numbers. Statistical 
analysis used the paired / test. Probability values 
<0.05 were considered statistically significant. 

RESULTS 

Before treatment, cornea] sensation in these pa- 
tients was 4.1 ±4.8 g/mm 2 (mean ± SD). After a 
3-month period of oral ONO-2235 administration, 
corneal sensation was significantly improved to 3.0 
± 3.1 g/mm 2 (p - 0.015). Recovery of corneal sen- 
sation paralleled improvements in the rose bengal 
staining score (from 1.9±1.7 to 1.0±1.3;p - 0.03), 
and the fluorescein staining score (from 2.9±1.9 to 
L6±1.7; p = 0.02). Tear BUT improved from 
2.5* 1 . 1 s to 3.4± 1 .0 s (p - 0.003). Measurement of 
tear production, such as Schirmer's test, improved 
from 7.5 ±3. 8 mm before treatment to 8.8+4.5 mm 
after treatment (p = 0.03). The score on the cotton- 
thread test increased from 22.1 ±6.8 mm before 
treatment to 27.4±7.8 mm after treatment with 
ONO-2235, a significant improvement (p = 0.0001) 
(Table 2). No side effects were seen in this treat- 
ment. 

Representative cases with three types of corneal 
abnormality were shown: 

Case 1, a 57-year-old man with diabetes, devel- 
oped a corneal ulcer in the right eye 3 months after 
the cataract surgery, and it remained for a month 
in spite of conventional topical therapy (Fig. 1A). 
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TABLE 2. Changes in ocular surface condition and tear production after treatment with oral ARI 





Corneal 














sensation 


Bin- 






Schirmer 


Cotton 




(g/mm 2 ) 


ts) 


RB 


Ruoresceln 


(mm) 


(mm) 


Pretreatment 


4.1 ± 4.8 


2.5 ± 1.1 


1.9 ± 1.7 


2.9 ± 1.9 


7.5 ± 3.8 


22.1 ± 6.8 


After-treatment 


3.0 ± 3.1 


3.4 ± 1.0 


1.0 ± 1.3 


1.6 ±1.7 


8.8 ± 4.5 


27.4 ± 7.8 


p Value (f test) 


0.015 


0.003 


Q.03 


0.02 


0.03 


0.0001 



ARI, aldose reductase inhibitor; BUT, break-up time; RB, rose bengal. 



Then 150 mg/day of ONO-2235 was administered, 
and the ulcer healed within I month (Fig. IB). 

Case 2, a 68-year-old man with diabetes, devel- 
oped a corneal epithelial defect in the right eye 6 
months after the cataract surgery, and it remained 
for 4 months in spite of conventional topical therapy 
(Fig. 2A). Then 150 mg/day of ONO-2235 was ad- 
ministered, and the ulcer defect healed within 2 
months (Fig. 2B). 

Case 3, a 64-year-old man with diabetes, devel- 
oped recurrent superficial punctate keratopathy in 
both eyes 2 years after the cataract surgery, and it 
remained in spite of topical treatment (Fig. 3 A). 
Then 150 mg/day of ONO-2235 was administered, 
and the keratopathy disappeared within 3 months 
(Fig. 3B). 

DISCUSSION 

Surgical improvements have made many diabetic 
patients candidates for cataract surgery, and dia- 
betic corneal abnormality has become of major clin- 
ical significance after such operations. Diabetes 
causes a variety of clinical complications (24). Var- 
ious conditions are responsible for retinal hypoxia, 
but recently the possibility that it is due to meta- 



bolic abnormalities associated with hyperglycemia, 
such as an activation in polyol pathway, has re- 
ceived worldwide attention. The rate-limiting en- 
zyme in this metabolic pathway is aldose reductase. 
Theoretically, inhibition of this rate-limiting en- 
zyme in the pathway of polyol metabolism results in 
a reduction of impaired functions of and histologic 
changes in nerves. Thus it has been reported that 
the onset and progression of diabetic complications 
can be prevented by ARIs (11,25-27). 

In this study, corneal sensation was significantly 
improved. Evidence of diabetic keratopathy is de- 
tectable relatively early after the onset of diabetes, 
manifesting itself as decreasing corneal sensation 
and a variety of clinical symptoms (11,26,28). As 
Hosotani et al. (17) reported that topical CT-112 
reduced corneal sensitivity in diabetic patients, 
ARIs might have improved the sensitivity by oral 
administration. 

Jordan and Baum (29) demonstrated, by using flu- 
orophotometry, that topical proparacaine decreases 
tear secretion in the human eye by 60 to 75%. Im- 
provement in the dynamics of tear production may 
be the result of an improvement in corneal sensitiv- 
ity, probably caused by effective suppression of al- 
dose reductase activity in the Schwann cells (30). 






FIG. 1. A typical case of improvement of corneal ulcer (patient 3). A: Corneal ulcer 
was seen In the right eye and remained for a month before the treatment of ONO-2235. 
B: Cornea was almost clear 1 month after the administration of ONO-2235. 
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Improvement of tear dynamics, of which figures are 
below normal but indicate significant improvement, 
might improve such conjunctival and corneal abnor- 
malities as "dry eye." Improvements in rose bengal 
and fluorescein staining scores and reduction of the 
debris in tears may be attributable to improved tear 
dynamics. 

Gilbard et al. (31) showed that topical propa- 
racaine increases tear-film osmolarity in rabbit 
eyes, and they postulated that the increase results 
from decreases in tear secretion secondary to de- 
creased ocular surface sensitivity. The increase in 
tear BUT may also be due to the improvement of 



tear-production dynamics or corneal sensitivity. All 
these significant improvements, especially dramatic 
improvement of corneal ulcers or ocular- surface 
conditions, may be due to this drug. 

Although surgery causes a more serious clinical 
problem (1,9) because of impairment of the corneal 
nerve (a manifestation of diabetic neuropathy) (4,5, 
10,32), and it has been reported that extracapsular 
cataract extraction decreases the corneal sensitivity 
in triangular shape (33), we cannot deny the possi- 
bilities of the spontaneous improvement of corneal 
sensation and ocular-surface condition in these 
cases. However, this improvement was thought to 
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FIG. 3. A typical case of improvement of recurrent superficial punctate keratopathy In 
right eye (patient 12). A: Superficial punctate keratopathy was seen In both eyes and 
remained for 2 years before the treatment of ONO-2235. B: Cornea was almost clear 
3 months after the administration of ONO-2235. 
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be due to oral ONO-2235 because the duration from 
the cataract surgery was 12.1 months. 

In our preliminary study, after treatment with 
oral ONO-2235, 150 mg/day for 3 months, there was 
significant recovery of diabetic abnormalities in- 
cluding ocular-surface disorders and tear produc- 
tion. This study was an open-label trial in that both 
the patients and examiner were aware that active 
medication was being given. This would provide 
bias for many results and influence this study. To 
explore the questions of real effect of the ARI on 
clinical safety and benefits, we are conducting a 
randomized and controlled clinical study of ONO- 
2235. In an animal study of serum density, 
Miyamoto et al. (34) reported that the serum density 
of oral ONO-2235 amounted to a maximum density 
at 15 min after oral administration in a male rat. The 
choroidal density peaked from 1 to 3 h after oral 
single administration, and the density was almost 
20% of serum density in a male rat. This drug, 150 
mg/day of ONO-2235, is safe and may most likely 
be an effective treatment for human eyes. 

In conclusion, the administration of ONO-2235, 
an ARI, to patients with diabetic ocular-surface 
conditions for 3 months led to improvements in tear 
dynamics and in the signs and symptoms of post- 
cataract extraction keratopathy of the patients with 
diabetes. 



REFERENCES 

1. Brightbfl] FS, Myers FL, Bresnick GH. Post vitrectomy ker- 
atopathy. Am J Ophthalmol 1987;85:651-3. 

2. Perry HD. Foulks GN, Tboft RA, Tolentino FI. Corneal 
complications after closed vitrectomy through the pars 
plana. Arch Ophthalmol 1978;96:1401-3. 

3. Michels RO, Ryan SJ Jr. Results and complications of 100 
consecutive cases of pars plana vitrectomy. Am J Ophthal- 
mol 1975;80:24-9. 

4. Schuttz RO, Matsuda M. Yee RW, Edelhauser HF. Corneal 
endothelial changes in type 1 and type rj diabetes mellitus. 
Am J Ophthalmol 1984;98:401-10. 

5. Schuttz RO, Horn DLV, Peters MA, Klewin KM. Schutten 
WH. Diabetic keratopathy. Trans Am Ophthalmol Soc 1981; 
79:180-99. 

6. Schwartz DE. Corneal sensitivity in diabetics. Arch Oplt- 
thalmol 1974;91:174-8. 

7. Snip RC, Tboft RA. Tolentino FI. Similar epithelial healing 
rates of the corneas of diabetic and nondiabelic patients. Am 
J Ophthalmol 1980;90:463-8. 

8. Tsubota K, Chiba K, Shimazaki J. Corneal epithelium in 
diabetic patients. Cornea 1991;10:156-60. 

9. Foulks GN, Thoft RA. Perry HD, Tolentino FI. Factors 
related to corneal epithelial complications after closed vit- 
rectomy in diabetics. Arch Ophthalmol 197937:1076-8. 

10. Hyndiuk RA, Kazan an EL, Schultz RO, Seiderman S. Neu- 
rotrophic corneal ulcers in diabetes mellitus. Arch Ophthal- 
mol 1977 ;95:2193-6. 

11. Kiooshita JH, Fukushi S, Kador P, Meroh LO. Aldose re- 
ductase in diabetic complications of the eye. Metabolism 
1979;28:462-9. 



12. Cogan DG, Kinoshila JH, Kador PF, et al. Aldose reductase 
and complications of diabetes. Ann Intern Med 1984; 101 :82- 
91. 

13. Terashima H, Hara K, Yamamoto R, et al. Effects of a new 
aldose reductase inhibitor on various tissues in vitro. J Phar- 
macol Exp Ther 1984;229:226-30. 

14. Kem TS, Engennan RL. Distribution of aldose reductase in 
ocular tissues. Exp Eye Res 1981;33:175-82. 

15. Fukushi S, Merola O, Tanaka M, Datiles M, Kinoshita JH. 
Reepithelialization of denuded corneas in diabetic rats. Exp 
Eye Res 1980;31:611-2). 

16. Datiles MB, Kador PF, Fukui HN, Hu TS, Kinoshita JH. 
Corneal re-epitheliaKzation in galactosemic rats. Invest Oph- 
thalmol Vh Set 1983;24:563-9. 

17. Hosotani H, Ohashi Y, Yamada M. Tsubota K. Reversal of 
abnormal epithelial cell morphology and reduced cornea] 
sensitivity in diabetic patients by aldose reductase inhibitor, 
CT-1 12. Am J Ophthalmol I995;l 19:281-94. 

18. Tsubota K, Toda I, Yagi Y, Ogawa Y, Ono M. Yoshlno K. 
Three different types of dry eye syndrome. Cornea 1994; 13: 
202-9. 

19. Ogawa Y, Kamoshita I, Yoshino K, Ono M, Tsubota K. Dry 
eye in diabetes mellitus. Atarashii Ganka 1992;9:1867-70. 

20. Paschides CA, Kitsios G. Evaluation of tear break-up time, 
Schirmer's 1 test and rose bengal staining as confirmatory 
tests for keratoconjunctivitis sicca. Clin Exp Rheumatol 
1989;7:155-7. 

21. Sakamoto R, Bennet ES, Henry VA, et al. The phenol red 
thread tear test: a cross-cultural study. Invest Ophthalmol 
Vis Scl 1993;34:3510-14. 

22. Cochet P, Bonnet R. L'esthesiometrie corneenne: realisa- 
tion et intcret pratique. Bull Soc OphtatmolFr 1961 ;6 1:541- 
50. 

23. Toda I, Tsubota K. Practical double-vital staining for ocular 
surface evaluation. Cornea 1993;12:366-8. 

24. Hotta N, Kakuta H, Ando F, Sakamoto N. Current progress 
in clinical trials of aldose reductase inhibitors in Japan. Exp 
Eye Res 1990;50:625-8. 

25. Hotta N, Kakuta H, Ando F, Sakamoto N. Clinical trial of 
aldose reductase inhibitor ONO-2235; effect on diabetic ret- 
inopathy. In: Sakamoto N, Kinoshita JH, Kador PF, Hotta 
N, eds. Polyol pathway and Its rote in diabetic complica- 
tions. Amsterdam: Excerpta Medica, 1988:253-46. 

26. Hotta N, Kakuta H, Koh N. et al. In vitro retinal and eryth- 
rocyte polyol pathway regulation by hormones and an aldose 
reductase inhibitor. Diabetes Res Clin Pract 1991;14:29-36. 

27. Hotta N, Kakuta H, Fukasawa H, et al. Effects of a fruc- 
tose-rich diet and the aldose reductase inhibitor, ONO-2235, 
on the development of diabetic neuropathy in streplozoio- 
cin-ireated rats. Diabetologia 1985;28:176-80. 

28. Ohashi Y, Matsuda M, Hosotani H, et al. Aldose reductase 
inhibitor (CT-1 12) eyedrops for diabetic corneal epitheliop- 
athy. Am J Ophthalmol 1988;105:233-3. 

29. Jordan A, Baum J. Basic tear flow: does it exist? Ophthal- 
mology 1980;87:920-30. 

30. Gabbay KH, O'Sullivan JB. The sorbitol pathway: enzyme 
localization and content fn normal and diabetic nerve and 
cord. Diabetes 1968;17:239-43. 

31. Gilbard JP, Gray KL, Rossi SR. A proposed mechanism for 
increased tear-film osmolality in contact lens wearers. Am J 
Ophthalmol 1986; 102^05-7. 

32. Schultz RO, Peters MA. Sobocinski K. Nassif K, Schultz 
KJ. Diabetic keratopathy as a manifestation of peripheral 
neuropathy. Am J Ophthalmol 1983 ;96:368-7 1 . 

33. John T, Rao GN, Aquavella JV. Corneal sensitivity in aph- 
akic and pseudophakic eyes. CLAO J 1938;14:101-4. 

34. Miyamoto S, Kajiwara I, Sawada M, et al. The distribution 
of ONO-2235 density in a Irving body after oral administra- 
tion in rat. Gendai Iryo 1986;51:51-81. 



Cornea. Vol. IS. No. 4. 1996 



